Abstract: Sub-Saharan Africa is regarded as the region that accommodates about 75% of the world HIV/AIDS prevalence as of 2016. Research on the relationship between the epidemic and sustainable development is scant in this part of the world, as available literature is dominated by studies that focus on HIV and economic growth. Therefore, this study examines the relationship between sustainable development and HIV/AIDS prevalence, along with other determinants of sustainable development, such as good governance and human capital in 26 sub-Saharan Africa countries over a 27-year period from 1990-2016. The pooled mean group (PMG) estimator was employed for analysis after it was confirmed by the Hausman test for the estimation of the relationship among the variables. The results revealed a unidirectional long-run and significant relationship between HIV/AIDS prevalence and sustainable development, human capital and good governance, and human capital and sustainable development. Also, a bidirectional long-run relationship was found between good governance and HIV/AIDS prevalence. Estimation of subgroups provides a robustness check for our findings. Therefore, the paper gives new insight to the government of sub-Saharan Africa countries and major stakeholders about how to attain sustainable development in the region, while intensifying efforts on reducing HIV/AIDS prevalence, and at the same time ensuring effective good governance and human capital development.
Introduction
Globally, the prevalence of HIV/AIDS constitutes a hindrance to the advancement of human development and remains a major concern for researchers, stakeholders, and policymakers [1] . With reference to the report of Joint United Nations Programme on HIV/AIDS [2] , it was estimated at the end of 2016 that 34.5 million adults globally have been infected with HIV/AIDS virus, while about one million died from AIDS-related diseases. In the same year, about 25.73 million (almost 75% of the world HIV/AIDS prevalence) people were HIV/AIDS carrier in Africa, out of which 741,000 died as a result of AIDS-related illnesses. [2] .
Today, the HIV/AIDS epidemics remains one of the challenges facing Africa continent, as it is far more than a health issue, and still requires more efforts so as not to hinder the sustainable development of the region [3, 4] . However, in order to avert the reverse of the development, the issue of sustainable development has taken a center stage position, both in the academia and among various stakeholders and policymakers.
It was noted that the world is facing great challenges in terms of development sustainability. On one part, there is a high number of people that are living below standard, even when there is overdependence on natural resources, most especially in the developing countries. On the other part, there are an important economic (poverty, inequality, etc.), social (health), and environmental (climate change) crises, which sometimes culminate into an epidemic and result in death [5, 6] .
Though studies abound on the definition of sustainable development, a definition by World Bank simply put it as development path or structured principles that could be maintained to ensure that total welfare of the people does not decline along the development path [7] . An important point of reference for sustainable development is the report published in 1987 by Brundtland Commission entitled Our Common Future [8] . According to this report, sustainable development is conceptualized as the actions or principles put in place that will enable the people to meet their present needs without compromising the ability of future generations to meet their own needs [8] .
Achieving sustainable development involves economic, social, and quality environment. These three pillars must be evenly and wholly integrated within the process of improving development. In respect of social dimension, Our Common Future reports argue that sustainable development requires meeting the requisite needs of the citizens and extending to them the opportunity to accomplish their aspirations for a better life [9] . It is worthy to note that the report did not limit the pillars of sustainable development to the economic, social, and environment, but also includes other aspects that were not broadly considered, for instance, good governance. It is believed that such equity in achieving sustainable development will be enhanced by an effective political system and rule of law that secure effective citizen participation in decision-making.
The sustainable development agenda for 2030 has a health issue at the center [10] . One of the goals of this agenda is "to ensure healthy lives and promote well-being for all citizens at all ages." In order to meet this target, there is a need to examine the various factors that could hinder the achievement of the goals. Among the ones highlighted which could do this is the infectious disease (e.g. HIV/AIDS) [10] . Health is as inherently significant as human rights and is also important to achieving the pillars of sustainable development (economic development, environmental sustainability, social inclusion, and good governance). Sustainable development will be elusive in the absence of health and productive population. There is a report which details that combating the spread of HIV/AIDS is critical to human progress, as this disease disproportionately affect the development potential of dozens of countries [11] . HIV/AIDS has a complex linkage with poverty and, in turn, to the larger sustainable development [12] .
There is no doubt that the consequences of the epidemic in sub-Saharan Africa would have a great impact on sustainable development in the region if the scenario continues.
Literature Review
The studies on HIV/AIDS and economic growth have been prolific. Among them is the one on HIV and economic growth in 30 sub-Saharan Africa countries, which revealed that AIDS has a significant negative impact on GDP [13] . Reference [13] found that the negative impact of the epidemic will reduce the growth rate of per capital income in the average number of countries studied and concluded that the larger impact will be felt on the 10 countries with the highest HIV prevalence in those 30 sub-Saharan Africa countries. A similar study was conducted in South Africa, which is among the countries with the highest HIV prevalence in sub-Saharan Africa. The study corroborated over Reference [13] and concluded that in the presence of HIV prevalence, South Africa economic growth will decline in GDP by about 17% [14] . This finding was corroborated by subsequent studies [15, 16] . In 2000, a similar study was conducted which forecasted that the situation of HIV in Lesotho will cause the GDP of the country to decline by 2010 [17] . Meanwhile, Maijama and Samusidin [16] found in their study that the current HIV prevalence in sub-Saharan Africa has a negative effect on GDP per capital growth. A similar study was previously conducted by Augier and Yaly [18] , which modeled diseases with the highest mortality rates, among which is AIDS as it affects economic growth. The result showed that poor health due to these infectious diseases has effects on decreasing economic growth of any country where the epidemic is prevalent. However, a contrary view was held by another author on HIV/AIDS. His study found no statistically significant impact of HIV/AIDS on GDP [19] . Meanwhile, Afawubo and Mathey [20] conducted a study on the factors influencing HIV/AIDS prevalence. The study found that human capital has a short-run causal impact on HIV prevalence but found a negative relationship between HIV and economic growth and concluded that GDP growth is not a driver for HIV prevalence across the West African countries [20] . Alemu et al. investigated the effect of HIV on the manufacturing sector in Lesotho and South Africa. The study concluded that there is a negative significant impact of the HIV on the productivity growth of the two countries [21] . This study was in agreement with Young, who revealed a significant impact of HIV/AIDS on human capital which, in turn, affects economic growth in sub-Saharan Africa [22] . The subsequent study established a long-term impact of HIV/AIDS on economic growth [23] . However, contrary results were found when studies were conducted on how much of a threat a mature AIDS epidemic is to economic growth. The study revealed that AIDS is not likely to threaten economic growth, either through human capital or accumulation channels. [17, 19, 24] . The relationship between HIV/AIDS prevalence and human capital in sub-Saharan Africa was found to be negative and statistically significant [25] . These findings were not different from the findings of other authors, who concluded in their studies that poor health as a result of an infectious disease has an impact on the economic growth of any country where it is prevalent [18, 26] .
In a more recent study, several authors empirically established the impact of HIV/AIDS prevalence on economic growth [15, 16, 27, 28] . Their studies found a long-run relationship between HIV/AIDS prevalence and economic growth and argued that, in the long-run, HIV/AIDS will have a devastating impact on economic growth. In another dimension, the impact of HIV/AIDS on human capital was empirically examined and the results showed that HIV/AIDS prevalence have a long-run impact on human capital [16, 20] . The argument from the studies was that as the HIV/AIDS prevalence increases, the country human capital decreases. Meanwhile, Shuaibu and Oladapo [29] were able to establish a long-run relationship between human capital economic growth and good governance in their study on Africa countries using a panel model. The study argued that economic growth and good governance are drivers for human capital development. In all the reviewed literature, none of the studies attempted to model the HIV and sustainable development.
Meanwhile, there are multiple dimension of views on sustainable economic development and good governance. Of importance to this study is the view of Brautigam on governance and economy which put it as a neutral concept, meaning "the political direction and control exercised over the actions of the members, citizens or inhabitants of communities, societies and states" [30] (p.3). The author argued in his book that the impact of good governance on a country economic growth cannot be neglected. In his view, political accountability, an effective rule of law, and transparency are some of the significant ingredients of good governance that impact on economic development. Good governance is considered to be the recent concept that recognized the functions of the state in the economy, where the involvement of all stakeholders is significant in the process of achieving sustainable economic development [7] . Stojanovic et al. noted that the central place of development policy is occupied with the model of good governance, which has become the cornerstone of sustainable development [31] .
The relationship between good governance and development sustainability received great attention in scholarly enquiry [7, 31] . The literature on the relationship is mixed, as there are both opposing and supporting views on the issue. An observation was made that, while few studies addressed the influence of good governance on sustainable development, some authors found that good governance is not a determinant factor for sustainable development [7] . Those studies found that relationship opined that good governance to demand voice and accountability to the citizen and rule of law guiding economic transactions, regulatory quality, control of corruption, the ability of the government to be effective, and an environment devoid of war/terrorism.
Various studies established a relationship between sustainable economic development and good governance [7, 32, 33] , while some show no relationship between the two variables [34, 35] . Though Stojanovic et al. revealed a statistical significance, direction, and significance of the effect of good governance, the study, however, suggested that there is no "one size fits all" model of good governance [31] . In view of the mixed results on the relationship between good governance and sustainable development, it is pertinent to follow the findings of Stojanovic et al. and examine the relationship between good governance and sustainable development in different regions.
The impact of human capital on sustainable development cannot be downplayed. Various literature abound on the human capital and sustainable development. The linkage among population, economic growth, employment, education, and sustainable development was examined and the study revealed that human capital is significant to sustainable development and efforts to ensure the synergy depends on the effective approach adopted [36] . This was corroborated by another author who opined that human capital faster rate of development of the society contributes to the sustainability of the society and ensures equitable distribution of development benefits [37] . Scicchitano [38] demonstrated in his study that human capital composition (research and development), which was in the past not considered in the endogenous growth model, was found to be significant in determining economic growth rate. Also, it was found in the recent studies that human capital increase led to sustainable economic growth [39, 40] . Similarly, in EU states, a study was conducted and found that human capital is directly influencing sustainable development [41] . In a reversed case, Shuaibu and Oladapo [29] found economic growth as one of the drivers for human capital development.
It is evident from the literature reviewed that studies on sustainable economic development and human capital has not been well researched in sub-Saharan Africa countries. The available ones are country-specific and are primarily focused on the traditional parameters of measuring country economic development (i.e., GDP); human development index (HDI), and educational attainment for human capital [42] . The study of Shuaibu and Oladayo was tilted study toward determining factors contributing to human capital development using 33 African countries. The study confirmed a significant long-run relationship between health and human capital development and also institutions (good governance) [29] . However, it argues that short-term gains may be achieved through enhanced institutional quality.
The idea that HIV/AIDS may have a significant impact on sustainable development is understandable, for the simple reason that "health is wealth." As a consequence, one would expect HIV/AIDS to have an influence on sustainable development. It is therefore surprising that although there is an extensive empirical literature on sustainable development, HIV/AIDS prevalence, and economic growth in developing countries, most especially African countries where the epidemic is ravaging, research on how the HIV/AIDS could impact on sustainable development are scant.
To date, however, and to the best of our knowledge, the relationship between HIV/AIDS and sustainable economic growth in sub-Saharan Africa countries has not been thoroughly dealt with in empirical literature, and this study will contribute to the literature on this important topic.
The main thrust of this paper is to analyze the relationships among HIV/AIDS, good governance, human capital, and sustainable development in sub-Saharan Africa. This study will investigate through the long and short-run dynamic relationship following the sustainable development framework proposed by World Bank. Consequently, it will contribute empirically to the literature on the relationship between HIV/AIDS and sustainable development in sub-Saharan Africa by employing a more recent panel data estimator by Pesaran et al.
Data and Methods

Data
In order to achieve the objective of the study, variables such as HIV/AIDS prevalence rate, country-level governance index, and human capital index were selected to examine their relationship with sustainable economic development. The adjusted net savings was measured as the gross national savings, less the value of consumption of fixed capital. This variable was established to be a good indicator for sustainable development [43] [44] [45] [46] . Prevalence of HIV/AIDS, measured as the percentage of people aged between 15-49 who are infected with HIV, was utilized in previous studies [1, 3, [13] [14] [15] 19] . The country-level governance index was measured with six indices: Voice and accountability, rule of law, regulatory quality, control of corruption, government effectiveness and political stability, and absence of violence/terrorism (see Table 1 ). In order to compute the indices into a single variable, the average rank of each country in the panel for the six indices was computed for individual years. This index was used by previous researchers [7, 31] . For measuring human capital, we employed human capital index [47] . This was employed based on the arguments in the literature on the non-consensus on the human capital index, which prompted the Penn World Table to introduce another index in PWT version 8 that was computed using the data from Barro and Lee and an assumed rate of return to education based on Mincer equation estimates [47, 48] .
These variables are sourced from the World Development Bank Indicator [49] , Word Governance Indicator [50] , and Penn World Table [47] . The data are yearly and cover the period 1990-2016. The countries included in the panel are 26 sub-Saharan African countries (see Appendix Table A1 ). The choice of countries in the panel was based on the availability of data for the variables included in the study during the observed period. 
Method
Following the sustainable development framework developed by the World Bank, this paper follows the one released by the World Bank and it's based on the crude estimate as follows: ANS = NNS + E -R -P where ANS is the adjusted net saving, NNS is the Net National Saving, E is the Current education expenditure, R is the Resource rents, and P is the Carbon dioxide (CO2) damage.
In the calculation of sustainable development (ANS) in this study, current expenditure is treated as saving rather than consumption, since it increases the country's human capital (human capital is being considered here as a proxy), and pollution damages seek to reflect losses of welfare in the form of human sickness (HIV/AIDS prevalence as a proxy). Energy depletion is the depletion of oil, coal, and natural gas. A measure of depletion stands for the management of the natural resources (country-level governance index as a proxy).
For the empirical analysis, the study is based on Pesaran et al. methodology, which introduced the pooled mean group (PMG) approach in the panel ARDL framework [51] . This estimator was settled as a result of its advantages in comparison with other panel estimators. First, PMG/panel ARDL does not require a formal test for cointegration. Second, PMG minimizes the endogeneity problems and all the variables are considered to be endogenous. Third, the testing for the order of variables integration is not generally required, i.e either the variable is I(0) or I (1) is not an issue in PMG. Last, the long-run and short-run variables are estimated simultaneously, lessening problems of omitted variables and autocorrelation.
Therefore, based on Pesaran et al. methodology, the panel ARDL model for this study including the long-run relationship between the variables is presented as follows:
where ANS, HPREV, HCI, and CLG are adjusted net saving (a proxy for sustainable development), HIV/AIDS prevalence rate, human capital index, and country-level governance. ∆ and ∑k it (k = 1, 2, 3, 4) are the first difference operator and a white noise term. Also, in Equations (1-4), α 1 denotes a country-specific intercept. The subscript I denotes a specific unit and varies from 1 to N. A reasonable generalization of cointegration test from time series to panel data may formulate the H 0 of no cointegration between the four variables in Equation (1) 1,2,3,4) .
Similarly, the null hypothesis of no cointegration in Equation (2) may be written as H 0 : ω 1 = ω 2 =ω 3 = ω 4 = 0. Also, in Equation (3, 4) , the H 0 of no cointegration between the four variables may be formulated as H 0 : π 1 = π 2 = π 3 = π 4 = 0, and Ω 1 = Ω 2 = Ω 3 = Ω 4= 0 Subsequently, if the null hypothesis of cointegration is rejected, we estimate the long-run relationship for the first panel ARDL described in Equation (1) is presented as follows:
Consequent to the above model specification, the assumption of PMG estimator of the coefficient of the long-run relationship to be the same for every country in the panel were considered. Meanwhile, the assumption is also considered in the null hypothesis of no cointegration model specification for the four models. Similarly, the remaining three models were specified in line with Equation (5).
The error correction models for the ARDL models described above are constructed as follows:
where the error term e ki,t (k = 1,2,3,4) is independently and normally distributed with zero mean and constant variance, and ECT t-1 is the error correction term specified from the long-run equilibrium relationship. The coefficient of a, b, c, d shows the speed of adjustment to the equilibrium level in the presence of shock.
In addition to the specified model above, Pesaran et al. proposed two other estimators that could be applied when both time and cross sections are large. Pooled mean group (PMG) and mean group (MG) difference are that MG estimator is more effective when there is variation in the slope and intercept among the countries in the panel, whereas PMG assumed homogeneity of slope and intercepts among the countries. Also, dynamic fixed effect (DFE) was proposed to be considered where the slope is constant, but the intercept could vary across the countries.
In order to enhance the robustness of our findings, the panel was subdivided into subgroups. This classification into subgroup (upper middle income -UMIC, low middle income -LMIC, and low income -LIC) was based on the 2018 World Bank country's classification according to level of economies.
Meanwhile, it is often assumed that errors in panel data are cross-sectional independent in most cases when the cross-section dimension (N) is large [52] . Evidence abounds in the literature that proved the presence of cross-sectional dependence (CD) in panel model. Pesaran et al. [52] argued that failing to give adequate consideration to cross-sectional dependence in estimation could give loss of estimator efficiency and insignificant test statistics. In view of these, Pesaran's CD test was employed to test for cross-sectional dependency in our data. Moreover, Westerlund [53] observed that many studies failed to reject the no-cointegration hypothesis, which was centered on the fact that most residuals-based cointegration tests require that the long-run parameters for the variables in their levels are equal to the short-run parameters for the variables. In view of the above, this study employed Westerlund's [53] error-correction-based cointegration tests that are based on structural, instead of residual, dynamic, which do not enforce any common-factor restriction to examine the existence of long-run relationship among our variables.
Having specified the models according to Pesaran et al., the next step is to give descriptive statistics on the data, which will enable us to show and explain the characteristics of each variable in the model. Subsequently, the unit root test was conducted to ascertain that no variable is integrated of order two. This is to ensure that the model does not violate the assumption of PMG [51] . Last, analysis was done and inferences from the analysis were made to draw a conclusion.
Empirical Findings
Descriptive Statistics
As revealed in Table 2 , while the average adjusted net savings (ANS) in the group panel is -3.62, the UMIC group has the highest mean value for ANS, followed by LIC and LMIC groups. However, greater variation was observed in LMIC, which shows a standard deviation value of 32.81 compared to the group panel, UMIC, and LIC, which have 21.96, 13.75, and 11.49, respectively. The average mean value of HIV/AIDS prevalence for the group panel is 5.19, UMIC has a 12.34 mean value for HIV/AIDS, while LMIC and LIC have 5.25 and 3.11, respectively. Meanwhile, the standard deviation shows that there is high deviation from the mean value in UMIC with a standard deviation value of 8.03 compared to 6.61, 7.18, and 3.81, which are values for group panel, LMIC, and LIC, respectively.
The average human capital index in UMIC is higher than the other groups. This is expected being an upper-middle income country. However, all the groups show a minimal standard deviation value, which could be an indication that each group possess similar characteristic in terms of human capital. The country level governance could be described to be fair in UMIC by having a mean value of 0.24 compared to the average value for the group panel, which is -0.56, while -0.81 and -0.64 are for LMIC and LIC, respectively.
Cross-Dependency Test
In line with Pesaran et al. [54] cross-dependency test, the null hypothesis is that there is no cross-section dependence (correlation in residuals). The results from the test presented in Table 3 , which shows that this study failed to reject the null hypothesis of no cross-sectional dependency in all the four panels. It implies that the panels are free from the cross-sectional dependency problem. 
Unit Root Test
Pesaran et al. commented that the variables for PMG estimator could either be integrated on I(0) or I(1) in order for the variable not to lose its predictive power [51] . However, Kumar et al. opined that panel ARDL does not generally require a knowledge of the order of integration of variables [55] . Nevertheless, we apply Im, Pesaran, and Shin (IPS) W-stat test for both levels and their first difference with an intercept and trend. This was done to ascertain the stationary properties of the variable to enhance the robustness of our results and ensure that none of the variables is integrated at order (2). The results as presented in Table 4 . The IPS statistics, as revealed in the table, indicate that for the group panel, three out of the four variables are integrated at order (0), while country-level governance is integrated at order (1). In the UMIC panel, HIVPREV and CLG integrated at order (0), while ANS and HCI integrated at order (1). However, the stationary property of the variables in the LMIC panel is a bit different, in the sense that HCI integrated at order (0) only with intercept. Last, in the LIC panel, both ANS and HIVPREV integrated at order (0), while HCI and CLG integrated at order (1). In summary, the variables across the four panel were tested both at intercept, an intercept and trend. The results, as presented in Table 4 , indicate that none of the series are integrated at order (2) . Therefore, it is safe for us to employ PMG estimator. 
Cointegration Analysis
The Westerlund ECM panel cointegration tests consists of four tests designed to test cointegration in panel data. The first two tests were to test the alternative hypothesis that the panel is cointegrated as whole, while the other two tests were to test that at least one unit is cointegrated. However, the results from the test, as shown in Table 5 , reveals that the three tests out of four in group panel strongly reject the null hypothesis of no cointegration among the variables. Two tests accepted alternative hypothesis that there is cointegration among the variables in UMIC panel, and three tests strongly rejected null hypothesis of no cointegration in LMIC panel. Meanwhile, the test results failed to reject the null hypothesis of no cointegration in LIC panel. In summary, there is strong evidence that there is cointegration among the variables, which was as a result of similar outcome for the cointegration found among variables in the subgroups. Table 6 reports the results of Hausman test statistics for all the three predictor variable used in the study. The Hausman test statistics fail to decline the homogeneity of long-run coefficients because the chi2 value is greater than 0.05 in absolute value. Hence, the model supports the PMG estimator. 
Hausman Test
Long-and Short-Run Estimates
The analysis results from Table 7 indicate that when ANS is the dependent variable (Equation (1)), HIVPREV has a positive and significant long-run relationship with ANS at 1% significance level. However, when HIVPREV is the dependent variable (Equation (2)), ANS does not show any significant relationship with HPREV. This implies that the relationship between sustainable development and HIV/AIDS is unidirectional, which means that there is only effect running from HIVPREV to sustainable development, but not vice versa. Similarly, the relationship between human capital (HCI) and sustainable development is unidirectional. The results in Table 7 reveal a negative and significant relationship between the two variables. However, good governance (CLG) according to the estimate shows a positive and statistically significant long-run relationship with sustainable development.
Moreover, the results, as revealed in Table 7 , show that HIV/AIDS has a negative and significant long-run relationship with human capital. It also worthy to note that the relationship is bidirectional. There is also a unidirectional long-run relationship between human capital and good governance. The result also established a bidirectional long-run relationship between HIV/AIDS and good governance. Meanwhile, all the results were supported with the estimates from the subgroup estimations. Table 8 shows the coefficients for the cointegration vectors for ANS, HIVPREV, HCI, and CLG, respectively. It is sufficient to say that the signs and intervals of ECTs from Table 8 are consistent with theory, meaning that a negative ECT ranges between 0 and 1 and is imperative for a stable error correction mechanism [54] . A positive ECT implies deviation from the equilibrium, while a negative ECT is important for the restoration of equilibrium following an exogenous shock. The ECT coefficient from Table 8 shows that sustainable development, HIV/AIDS, human capital, and good governance can be restored to long-run equilibrium. The analysis of Equation (6) , as presented in Table 7 , indicates that there is long-run cointegration among the variables at 1% significance level, and the ECT coefficient of (-0.50) revealed in Table 8 implies that any deviation from the long-run equilibrium is corrected at 50% adjustment speed. This also indicates a strong and joint causality of the three variables on sustainable development.
From Tables 7 and 8 and Equation (7), the results show a long-run cointegration among the variables at 1% significance level. The results also reveal a strong and joint causality of sustainable development, HIV/AIDS prevalence, and good governance on human capital. Human capital could be significantly restored to its long-run equilibrium at 5% adjustment speed in the presence of a shock. Analysis for Equation (8) , as presented in Table 8 , indicates that sustainable development, human capital, and good governance have a joint causal effect on HIV/AIDS prevalence, while Table 7 reveals that there is long-run cointegration which is statistically significant at 1% level. In presence of a shock, HIV/AIDS could be significantly restored to its long-run equilibrium at 7% adjustment speed. Similarly, in reference to Equation (9), sustainable development, HIV/AIDS prevalence, and human capital have a joint and strong causal effect on good governance, which is depicted in Table 8 . In case of any shock in the system, it could be adjusted at 36% adjustment speed.
For upper-middle income economies, a long-run bidirectional causal relationship was found to exist between sustainable development and HIV/AIDS and human capital, and sustainable development and country-level governance. Meanwhile, a unidirectional long-run causal relationship was found to exist between human capital and country-level governance, and human capital and sustainable development. However, a bidirectional short-run causality was found between HIV/AIDS and human capital, and a unidirectional short-run causality was found between sustainable development and human capital.
As for the joint causality, the results are summarized in Table 8 . The results show that HIV/AIDS, country-level governance, and human capital have joint causality on sustainable development. The model has about 43% speed of adjustment to return back to equilibrium in the presence of shock. Similarly, sustainable development, human capital, and country-level governance show a strong joint causality on HIV/AIDS with 10% speed of adjustment. HIV/AIDS, country-level governance, and sustainable development were found to have a strong joint causal long-run relationship on human capital, while HIV/AIDS, sustainable development, and human capital were also found to have a strong long-run causal relationship with country-level governance.
In a similar result to that obtained with respect to the group panel, we found bidirectional long-run causal relationship between HIV/AIDS and human capital, sustainable development and human capital, and HIV/AIDS and country-level governance. A unidirectional long-run causal relationship was found between human capital and country-level governance, and sustainable development and country-level governance. The results are presented in Table 7 . Further estimates, as shown in Table 8 , reveal that HIV/AIDS, country-level governance, and human capital were found to have joint long-run causal relationship with sustainable development. Sustainable development, HIV/AIDS, and human capital also have a joint long-run causal relationship with country-level governance.
As for the low income economies, the results as shown in Tables 7 and 8 are not significantly different from the other three panesl. As summarized in Table 7 , a bidirectional long-run causal relationship was found to exist between sustainable development and HIV/AIDS, while a unidirectional relationship was found to exist between sustainable development and human capital, human capital and country-level governance, country-level governance and HIV/AIDS, and country-level governance and sustainable development. Meanwhile, a joint long-run causal relationship was found between country-level governance, HIV/AIDS, and human capital on sustainable development, and between sustainable developments, HIV/AIDS, and human capital on country-level governance (Table 8 ).
Robustness Check
We considered dividing the group panel into subgroups (upper-middle income, low-middle income, and low income countries) for analysis using PMG estimator. The results are summarized in Tables 7 and 8 . First, we estimated the cointegration across the subgroup. The results, as presented in Table 5 , supported our findings for the whole group panel that a long-run relationship exists among the sustainable development (ANS) and the variables considered. Meanwhile, the short-run relationship varies across the subgroups (Table 8) . Human capital was found to have a short-run negative causal relationship with HIV/AIDS prevalence in upper-middle income countries (UMIC), while it was positive for low income countries (LIC). However, it has no short-run relationship in low-middle income countries (LMIC), which is similar to the results obtained for the group panel.
Summary and Conclusion
This study empirically examined the relationship among sustainable development, HIV/AIDS prevalence, human capital, and good governance in 26 sub-Saharan Africa countries using dynamic heterogeneous panel estimation. In the present globalized era, the issue of sustainable development is critical to measure the progress of any country's development, which will not only account for the economic development, but other factors that will account for the general improved welfare of the citizen. It has become essential to understand the underlying fundamental factors that influence the achievement of sustainable development in the region. Thus, variables like HIV/AIDS, which have been a great challenge to Africa countries, human capital, and country-level governance are taken as the independent variables, which are measured using yearly data from 1990 to 2016 and were analyzed using pooled mean group estimator. To ensure the robustness of the findings, the panel was subdivided into three panels based on the World Bank level of economies categorization. The three categories are upper-middle income (UMIC), low-middle income (LMIC), and low income (LIC) countries.
For the group panel, a bidirectional long-run causal relationship was found between HIV/AIDS and human capital, and HIV/AIDS prevalence and country-level governance. A unidirectional long-run causal relationship was found to exist between human capital and country-level governance, while a bidirectional long-run causal relationship was found between sustainable development and country-level governance, human capital, and sustainable development, and sustainable development and HIV/AIDS.
The positive and significant long-run causal relationship between HIV/AIDS and sustainable development is in line with some previous studies [19, 24] , which argued that in the future, HIV/AIDS is not likely to threaten economic growth in Africa. Sustainable development and good governance according to the estimated results reveal a positive and significant long-run relationship. This result is in line with previous studies. Previous studies found that the central place of development policy is occupied with the model of good governance [7, [31] [32] [33] , which has become the cornerstone of sustainable development. However, the result is in contrast to some previous studies [34, 35] , which found no relationship between sustainable development and good governance. The result from the estimates implies that to achieve sustainable development in sub-Saharan Africa countries, there is a need for a concerted effort on the part of the continent country's government to ensure effective good governance. However, while a unidirectional long-run causal relationship was found between sustainable development and HIV/AIDS in the group panel, a bidirectional long-run causal relationship was found between sustainable development and HIV/AIDS in UMIC and LIC respectively. The difference could be attributed to the heterogeneous nature of the countries included in the panel.
A disturbing result from the study is the coefficient sign of a human capital long-run relationship with sustainable development. The authors hypothesized a positive relationship, but the result turned out to be negative, although the significant long-run relationship found in this study is in line with some authors, who inferred human capital to have a significant long-run relationship with the sustainable development of any country [37] [38] [39] [40] . However, the negative sign of the result is not surprising in reference to the study of Quadri and Waheed [56] , who observed that the contribution of human capital to sustainable development is more in the theoretical realm than the empirical. The study submitted that the theoretical contribution of human capital is clear, but empirical findings are mixed [56] . An interesting finding from this study is the significant strong joint causality of sustainable development, good governance, and human capital on HIV/AIDS prevalence, and in case of any shock, it could be restored back to equilibrium at 7% adjustment speed. This is an indication that, the threat of HIV/AIDS prevalence on sustainable development could be curtailed by putting effective policies and programs in place. There is also a bi-directional long-run relationship between HIV/AIDS prevalence and good governance. It is of importance to note that in sub-Saharan Africa countries, an effective good governance would enhance significant reduction in the prevalence of HIV/AIDS in the region.
The study estimated the relationship among sustainable development, HIV/AIDS prevalence, human capital, and good governance. It found that all the variables are cointegrated, which implies a long-run relationship. The estimation of the long-run slope coefficient restricted it to be homogenous across countries. This is because the authors expect that the long-run equilibrium relationship between the variables will be similar across countries in sub-Saharan Africa. Future studies can do a comparative study of countries with high HIV/AIDS prevalence in African regions to confirm the outcome of these results. Also, there is a need for a robustness test to explore the mixed result on the relationship between sustainable development and human capital. Based on the findings of this study, it is imperative for the government and stakeholders in the region to pursue policies that will enhance sustainable development with expected long-term results, rather than short-term gains. First, there is a need to improve the country-level governance policy, development of human capital, and improve on the policies and programs targeted toward the prevention and eradication of HIV/AIDS in sub-Saharan Africa countries. Second, human capital needs to be more developed to drive down the effects of HIV/AIDS prevalence. Lastly, good governance, found to have a long-run relationship with sustainable development, should be strengthened to ensure that the rule of law prevailed, transparency in their dealings, corruption to be eradicated, conducive business regulatory environment, and a country free of war/terrorism. However, sustainable development is achievable in sub-Saharan Africa countries if an adequate research grounded policy is put in place to address the challenges as revealed by this study. 
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